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FOREWORD 


h  - 


The  investigation  described  herein  constitutes  one  phase  of  studies 
conducted  during  19^  and  1963  at  the  U.  S.  Amor  Engineer  Waterways  Ex- 
X>eriJBent  Station  (WK)  under  U.  S.  Air  Force  Project  Wo.  4lO>A,  MIPR 
Rb.  AS-4-177>  "Development  of  Landing  Gear  Design  Criteria  for  the  CX-HIS 
Aircraft."  (The  CX-HLS  is  now  designated  C-5A.)  This  program  was  spon¬ 
sored  and  directed  by  the  Landing  Geeu*  Group,  Air  Force  Flight  Dynamics 
Laboratory,  ReJearch  and  Technology  Division,  Mr.  R.  J.  Parker,  Project 
Engineer . 

These  tests  were  conducted  by  personnel  of  the  WES  Flexible  Pavement 
Branch,  Soils  Division,  under  the  general  supervision  of  Messrs.  W  J. 
Turnbull,  A.  A.  Maxwell,  and  R.  G.  Ahlvln,  and  the  direct  supervision  of 
Mr.  D.  N.  Brown.  Other  personnel  actively  engaged  in  this  study  were 
Messrs.  C.  D.  Bums,  D.  M.  Ladd,  W.  N.  Brabston,  H.  H.  Ulery,  Jr.,  G.  M. 
Hammltt  II,  and  W.  J,  Hill,  Jr.  This  report  was  prepared  by 
Messrs.  Brabston  and  Hill. 

Directors  of  WES  during  the  conduct  of  this  investigation  and  prep¬ 
aration  of  this  report  were  Col.  Alex  G.  Sutton,  Jr.,  CE,  and  Col.  John  R. 
Oswalt,  Jr.,  CE.  Technical  Director  was  Mr.  J.  B.  Tiffany. 

Publication  of  this  technical  documentary  report  does  not  constitute 
Air  Force  approval  of  the  report's  findings  or  conclusions.  It  is  pub¬ 
lished  only  for  the  exchange  and  stimulation  of  ideas. 


KERNEBLY  H.  DIgS^ 

Chief,  Mechanical  Branch 
Vehicle  Equipment  Division 
AF  Flight  Dynamics  Laboratory 


ABSTRACT 


This  data  report  describes  work  undertaken  as  part  of  an  overall 
program  to  develop  ground-flotation  criteria  for  the  C-5A  aircraft.  A 
test  section  was  constructed  to  a  width  adequate  for  two  test  leuies.  Each 
lane  was  divided  into  three  items  having  different  subgraide  CBR  values 
and  different  traffic  surfaces.  Item  1  was  surfaced  with  modified  TU 
aluminum  landing  mat,  item  2  with  m8  steel  landing  mat,  and  item  3  re¬ 
mained  unsurfaced.  Traffic  was  applied  to  one  lane  with  a  35>000-lb  load 
on  a  single-wheel  assembly  consisting  of  a  25.00-28,  30-ply  aircraft  tire 
inflated  to  50  psi.  The  other  lane  was  trafficked  with  a  70,000-lb  load  on 
a  twin -wheel  assembly  consisting  of  two  25.00-28,  30-ply  aircraft  tires 
inflated  to  50  psi.  Wheel  spacing  was  42  in.  c-c. 

The  Information  rei)orted  herein  includes  layout  of  the  test  lanes, 
characteristics  and  print  dimensions  of  the  loed  eissembly  tires,  and  data 
collected  on  soil  strengths,  surface  deformations  and  deflections,  and 
drawbax  pull.  Hie  traffic -coverage  level  is  given  at  which  each  test 
item  was  considered  failed. 
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SUMMRY 


Tests  on  Section  9  ow  lAuise  of  a  cc»q)rehenslve  research  program 
to  develop  ground-flotation  criteria  for  heavy  cargo-type  aircraft.  Sec¬ 
tion  9  consisted  of  two  similar  lanes,  lanes  21  and  22,  each  of  which  was 
divided,  into  three  items  (figure  1^).  Each  item  was  constructed  to  a 
different  subgrade  CBR  value  and  had  a  diffei:ent  traffic  surface.  Item  1 
was  sxxrfaced  with  siodlfied  TU  aluminum  landing  mat,  item  2  with  m8  steel 
landing  mat,  and  item  3  remained  unsurfaced. 


Traffic  was  applied  to  the  two  lanes  using  a  3^»000-lb  load  on  a 
single-wheel  assesibly  and  a  70,000-lh  load  on  a  twin-wheel  assembly  on 
lanes  21  and  22,  respectively.  Tire  inflation  pressure  was  ^  psi.  A 
single  2^.00-28,  30-ply  aircraft  tire  was  used  on  lane  21  and  two  2^.00-26 
30-ply  aircraft  tires  with  42-in.  c-c  spacing  were  used  on  lane  22.  Fig¬ 
ure  17  gives  pertinent  tire-print  dimensions  and  tire  characteristics. 


The  laiies  were  trafficked  to  failure  in  ewicordance  with  the  criteria 
designated  in  Part  I  of  this  report.  Data  were  recorded  throughout  testing 
to  give  a  behavior  history  of  each  item. 


Using  the  test  criteria  mentioned  above,  it  was  possible  to  coii^){ire 
the  trafficking  effects  of  a  single-wheel  eissembly  6uid  a  twin-wheel 
asseaibly  having  double  the  test  load  on  the  single-wheel  assembly.  Basic 
performance  data  are  summarized  in  the  following  paragrai^s. 


At  600  coverages  the  surface  was  still  in  good  condition  and  traffic 
was  8usx>ended.  Ihe  rated  CBR  for  -Hie  item  was  1.^. 


The  item  was  considered  failed  due  to  roughness  at  300  coverages 
The  rated  CBR  for  the  item  was  1.9> 


Item  3 


nie  item  was  considered  failed  due  to  roughness  at  300  coverages. 
Hie  rated  CBR  for  the  item  was  4.7. 

Lane  22 

Item  1 

The  item  was  considered  failed  due  to  roughness  at  400  coverages. 
The  rated  CBR  for  the  item  weus  1.8. 

Item  2 

The  item  was  considered  failed  due,  to  roughness  at  100  coverages . 
Tlie  rated  CBR  for  the  item  was  1.9. 

Item  3 

The  item  was  considered  failed  due  to  roughness  at  100  coverages. 
The  rated  CBR  for  the  item  was  4.8. 
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AIRCRAFT  GROUMD-FIDTATION  IMVESTIGATION 


PART  X  DATA  REPORT  ON  TEST  SECTION  9 

SECTION  I;  INTRODUCTION 


The  investigation  reported  herein  is  one  phase  of  a  carprehenslve 
research  program  being  conducted  at  the  U.  S.  Arn^  Engineer  Waterways 
Experiment  Station  (WES),  Vicksburg,  Miss.,  as  part  of  U.  S.  Air  Force 
Project  No.  410-A,  MIPR  No.  AS-4-177,  to  develop  ground-flotation  criteria 
for  the  C-5A,  a  heavy  cargo-type  aircraft.  Specifically,  the  testr,  re¬ 
ported  herein  were  conducted  to  con^jau'e  the  trafficking  effects  on  landing 
mat  and  unsurfaced  soils  of  a  single-wheel  assembly  and  a  twin-wheel 
assembly  having  double  the  test  load  on  the  single-wheel  eissembly. 

Prosecution  of  this  investigation  consisted  of  constructing  two 
similar  traffic  lanes  and  subjecting  them  to  traffic  of  a  single-wheel, 
35,000-lb  load,  and  a  twin-wheel,  70,000-lb  load.  Kiis  part  presents  a 
description  of  the  test  section  and  wheel  assemblies,  and  gives  results  of 
traffic.  Equipment  used,  types  of  data  and  method  of  recording  them,  and 
general  test  criteria  are  summarized  herein  with  more  con^jlete  explana¬ 
tions  and  illustrations  given  in  Part  I  of  this  report. 
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8KCTI0H  II:  nSSCRIFTIOlf  OF  !IBST  SECTION  AND  LOAD  VEHICIE 


Description  of  Test  Section 


The  test  section  (figure  15)  was  located  within  a  roofed  area  in 
order  to  allow  control  of  the  sub^ade  CBR  (California  Bearing  Ratio)  in 
the  test  iteas.  Section  9  ^nui  located  on  the  same  site  as  prior  Test 
Sections  6^  k,  and  2.  The  construction  of  Test  Section  2  is  described  in 
Fart  m.  Tbe  underljrlng  subgrade  was  undisturbed  by  prior  tests  on  the 
site  so  that  in  construction  of  Test  Section  9  only  Idle  iQiper  24  in.  of 
soil  was  excaTated.  The  excavated  area  was  backfilled  to  the  original 
grade  level  In  coopacted  lifts  wl^  a  heavy  cl^  soil  (buckshot;  classi¬ 
fied  as  CH  according  to  the  Uolfl^  Soil  Classification  System,  HIL-SID- 
619)  •  Gradation  and  classification  data  for  the  subgrade  material  are 
given  in  Fart  I. 


Two  traffic  lanes  divided  into  three  items  each  were  constructed 
in  the  test  section.  Different  subgrade  strengths  were  obtained  in  the 
items  by  controlling  water  content  and  coopactlon  effort  (figure  I5). 
Iteas  1  and  2  were  surfaced  with  modified  TU  aluminum  landing  mat  and 
K3  steel  landing  mat,  respectively  (figure  I6),  and  item  3  remained  un- 
suxfaced.  The  landing  mats  used  are  described  and  Illustrated  in  Part  I 


Load  Vehicle 


The  load,  vehicle  is  shown  in  figure  2.  Load  cart  construction,  de¬ 
tails  of  linkage  between  the  load  coii^>artment  and  prime  mover,  and  method 
of  applying  load  are  explained  in  Part  I.  A  3^»0OO-lb  load  on  a  single- 
wheel  usembly  and  a  70,0CX)-lb  load  on  a  twin-wheel  assembly  were  used 
for  trafficking  lanes  21  and  22,  respectively.  Wheel  spacing  was  42  in. 
c-c  on  the  twin-wheel  assembly.  Tires  used  on  both  assemblies  were 
25.00-28,  30  ply  with  inflation  pressure  of  50  psi.  Tire-print  dimensions 
and  tire  characteristics  are  shown  in  figure  1?. 


SECTION  III:  APPLICATION  OF  TRAFFIC,  FAILURE  CRITERIA, 

AND  DATA  OOLIECOED 


Application  of  Traffic 


Traffic  was  applied  to  the  test  lanes  in  a  nonunlform  pattern  with 
intensity  of  traffic  being  varied  within  each  lane  to  produce  three  zones 
of  approximately  100,  80,  and  20  percent  traffic  coverage.  Traffic  so 
distributed  within  a  traffic  lane  simulates  ais  nearly  as  possible  the  bell¬ 
shaped  traffic  distribution  curve  idiich  results  from  the  wander  of  aircritft 
from  the  lane  center  line.  The  coverage  levels  referred  to  in  the  tables 
and  text  herein  are  the  totsd.  number  of  coverages  applied  to  the  100  per¬ 
cent  covereige  zone.  The  corresponding  number  of  coverages  applied  to  the 
outer  traffic  zones  is  proportional  to  the  percentage  factor  for  the 
respective  zones  as  shown  in  figure  1. 


Figure  1.  Traffic  distributioft  patterns.  Test  Section  9 


Failure  Criteria  auid  Data  Collected 


Failure  criteria  vused  in  this  Investigation  and  descriptive  terms 
used  in  presentation  and  discussion  of  data  in  this  report  are  presented 
in  Part  I.  A  general  outline  of  types  of  data  collected  la  given  in  the 
following  paragraphs. 


CBR,  water  content,  and  dry  density 

CBR,  water  content,  and  dry  density  of  the  subgrade  were  measured 
for  each  teat  item  prior  to  application  of  traffic,  at  Intermediate  cover¬ 
age  levels,  and  at  failure  or  suspension  of  traffic  if  no  failure  condition 


JK£; 


VM  reached.  After  traffic  mus  concluded  on  an  item,  a  meaaure  of  sub- 
grade  atrength  termed  "rated  CBR"  was  detexmlned.  Rated  CBR  is  generally 
the  arerage  CBR  value  obtained  frcm  all  the  determinations  made  in  the 
top  12  in.  of  soil  during  the  test  life  of  an  item.  In  certain  instances, 
extreme  or  irregular  values  may  be  ignored  if  the  analyst  decides  that 
they  are  not  properly  representative. 


Surface  rouc^eaa,  or 
differential  deformation 


Surface  roughness,  or  differential  deformation,  measurements  were  . 
made  using  a  10-ft  straightedge  at  various  traffic -coverage  levels  on  all 
items.  Rut  depths  were  measured  for  the  unsurfaced  items,  and  dishing 
effects  of  individual  mat  panels  in  the  mat -surfaced  items  were  recorded. 


Def)imationa 

Deformations,  defined  as  permanent  surface  changes  in  cross  section 
.  or  profile  of  an  item,  were  charted  by  means  of  level  readings  at  pertinent 
traffic-coverage  levels. 


Deflection 


Deflection  of  the  test  surface  under  an  individual  static  load  of  the 
tracking  assembly  was  measured  at  various  traffic-coverage  levels  on  both 
'  surfaced  and  unsurfaced  items.  Level  readings  on  the  item  surface  on  each 
side  of  the  load  wheels  and  on  a  pin  and  cap  device  directly  beneath  a 
load  wheel  provided  deflection  data.  Both  total  (for  one  loeiding)  and 
elaatic\( recoverable)  deflections  were  measured  on  unsurfaced  items.  All 
mat  deflection  was  for  practical  purposes  recoverable,  i.e.  total  deflec¬ 
tion  equaled  elastic  deflection.  Ihe  pin  and  cap  device  for  measurirg  de¬ 
flection  directly  beneath  load  wheels  was  applied  to  the  subgrade  of  sur¬ 
faced  items  through  a  hole  (existing  or  cut)  in  the  mat. 


Rolling  resist^tfice 

Rolling  resistance,  or  drawbar  pull,  measurements  were  performed  with 
the  load  vehicle  over  each  test  item  at  designated  coverage  levels.  Three 
types  of  drawbar  measurements  were  taken:  (a)  maximum  force  required  to 
overcome  static  inertia  and  connience  forward  movement  of  the  load  cart, 
termed  "initial  DBP”;  (b)  average  force  required  to  maintain  a  constant 
speed  once  the  load  vehicle  is  in  motion,  termed  "rolling  DBF";  and  (c) 
maximum  force  obtained  during  the  constant  speed  run,  termed  "peak  DBF." 


Mat  breaks 


Mat  breaks  on  the  surfaced  items  were  inspected,  classified  by  type. 
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and  recorded  at  various  coverage  levels.  Illustrations  and  descriptions 
of  each  type  of  break  are  given  in  Part  I. 


SECTION  IV: 


BEHAVIOR  OF  lOEMB  UNDER  lltAFPIC  AND  OEST  RESULTS 


Lue  21 


Behavior  of  Itena  under  traffic 

'  Itea  1*  Figure  3  ehowi  Item  1  prior  to  traffic.  Ibe  item  sustained 
600  traffic  coverages  without  developing  appreciable  roughness  or  mat 
breakage.  Traffic  was  suspended  at  600  coverages  with  the  item  surface 
remaining  in  good  condtlon  (figure  h).  Ihe  rated  CBR  of  the  item  was  1.^. 

Item  2.  Figure  5  shows  item  2  prior  to  traffic..  At  20  coverages 
the  Item  evi<3lenced  average  transverse  and  diagonal  differential  deforma¬ 
tions  of  about  1  In.  The  item  held  up  well  under  continued  trafficking 
until  300  coverages  when  it  was  considered  failed  due  to  roughness 
(figure  6).  The  rated  CBR  for  the  item  was  1.9* 

Item  3«  Figure  7  shows  item  3  prior  to  traffic.  The  item  resisted 
rutting  throughout  tra^cklng.  At  300  coverages  the  item  was  considered 
failed  due  to  roughness  (figure  8).  nie  rated  CBR  for  the  item  was  4.7* 


Teat  results 

Results  of  trafficking  lane  21  are  summarized  in  table  1.  Soil  test 
data  are  shown  in  table  2. 

Item  1.  Item  1  sustained  600  coverages  without  evidencing  signs  of 
failure  and  remained  in  good  condition  when  traffic  was  suspended.  The 
following  information  was  obtained  from  traffic  tests  on  item  1. 

a.  Roughness .  Differential  deformations  that  developed  with  traf- 

”  ticking  are  recorded  in  table  1.  At  600  coverages  (suspension  of 
traffic) ,  the  item  was  still  in  good  condition  with  average 
transverse  and  diagonal  differential  deformations  of  0.97  and 
1.10  in.y  respectively.  Average  dishing  measurement  (table  l) 
was  0.90  In. 

b.  Defoimatlon .  Figure  I8  shows  average  cross-section  deformations 
""  at  20,  200)  and  6OO  coverciges  for  each  of  two  typical  mat 

runs.  Cross-section  defonnatlons  remained  small  throughout 
trafficking,  although  there  was  considerable  general  subgrade 
subsidence.  Profile  defoimations  along  the  mat  end- joint  line 
nearest  the  lane  center  line  sure  shown  in  figiire  I9. 

c.  Deflection.  Average  elastic  mat  deflections  shown  in  figure  20 
~  for  three  x>osltlons  of  the  wheel  assembly  relative  to  mat  end 

Joints  show  a  steady  Increase  at  measurement  Intervals  ranging 
from  0  to  600  coverages. 


d.  Rolling  resistance.  Draijbax  pull  values  for  several  coverage 
levels  are  shown  In  table  1.  (Hie  trend  was  for  drawbar  pull 
values  to  Increase  with  coverages. 

Mat  breaks.  Only  six  mat  breaks  were  recorded  when  traffic  was 
suspended  at  600  coverages. 

Item  2.  Item  2  was  considered  failed  due  to  roughness  at  300  cover¬ 
ages.  The  following  Information  was  obtained  from  traffic  tests  on  Item  2. 

a.  Roughness .  Differential  deformations  shown  In  table  1  Indicate 
a  steady  Increase  with  nund)er  of  treufflc  coverages.  At  failure 
the  average  transverse  and  diagonal  differential  deformations 
were  2.97  and.  3*03  ln»,  respectively.  Dishing  measurements 
were  small,  averaging  0.19  in.  at  failure. 

b.  Deformation.  Figure  l8  shows  average  cross-section  deformations 
at  20  ,  200,  and  300  coverages  for  each  of  two  typical  mat 
runs.  The  greatest  deformation  Is  seen  to  occur  at  the  lane 
center  line.  Profile  deformations  along  the  mat  end-Jolnt  line 
nearest  the  lane  center  line  8u:e  shown  In  figure  19 .  General 
subgrade  subsidence  along  the  length  of  the  lane  Is  evident  as 
well  as  surface  Irregulatrltles  In  the  mat. 

£.  Deflection .  Average  elsistlc  mat  deflections  are  shown  In  fig¬ 
ure  20  for  three  positions  of  wheel  assembly  relative  to  mat  end 
joints.  !I^e  Increasing  magnitude  of  deflections  was  consistent 
wlt£  Increasing  nvunber  of  coverage  levels  when  the  mat  joint 
was  at  center  line  of  the  wheel  assembly.  Plots  shown  for  other 
positions  of  the  load  wheel  on  the  mat  surface  Indicated  vari¬ 
able  results  with  no  consistent  pattern. 

d.  Rolling  resistance.  Drawbar  pull  values  for  0,  20,  and  300  cov¬ 
erages  are  shown  in  table  1.  All  drawbau"  values  registered  con¬ 
sistent  Increases  with  higher  coverage  levels. 

e .  Mat  breaks.  Ihe  number  and  types  of  mat  breaks  are  shown  in 
table  1.  The  first  observed  break  was  recorded  at  100  coverages. 
Some  protrusion  of  the  overlapping  mat  end  joints  occurred  with 
continued  traffic  with  only  a  few  additional  breaks  being  noted. 

Item  3»  Item  3  was  considered  failed  due  to  roughness  at  300  cover¬ 
ages.  Ihe  following  information  was  obtained  from  traffic  tests  on  item  3. 

a.  Roughness .  Differential  deformations  auid  rut  depths  measured  at 
intervals  throughout  trafficking  are  shown  In  table  1.  Rut 
depths  did  not  reach  serioius  proportions  at  any  time,  but  trans¬ 
verse  and  diagonal  differential  deformation  showed  steady  in¬ 
creases  with  trafficking.  At  300  coverages  both  the  trsuisverse 
and  diagonal  differential  deformations  averaged  3.50  in.  Average 
rut  depth  was  O.9I  in. 
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b*  D»fioimtlon»  Tigare  l8  ihows  average  eroee-sectlon  deformations 
“  aeaaured  at  20*  200,  and  300  coverages.  Subsidence  of  the  traf* 
flc  lane  near  the  center  line  of  the  cross  section,  as  illus¬ 
trated  in  the  defoznation  plot,  contributed  to  the  excessive 
differential  defonations  that  were  the  prljnary  fauitor  in  failure 
of  the  item.  Profile  plots  alox^g  a  line  2  ft  east  of  the  lane 
center  line  are  sttown  in  figure  19. 

£.  Deflection.  Average  total  deflections  measured  at  0,  20,  200, 

“  and  ^06  coverages  are  Shown  in  figure  20.  Deflections  Increased 
consistently  vlth  traffic  coverages.  Elastic  soil  deflections 
Measured  at  intervals  during  trafficking  are  shown  in  table  1. 

d.  Bolling  resis^ce.  Drawbar  pull  values  are  shown  in  table  1  for 
~  ST’S^TaSr^SS^cowrages .  Peak  and  rolling  drawbar  values  in¬ 
creased  steadily  with  trafficking  while  initial  values  decreased 
slightly. 


Lane  22 


Behavior  of  items  under  traffic 

Itm  1.  Figure  9  shows  item  1  prior  to  traffic.  The  item  was  con- 
sldered  failed  due  to  roughness  at  1(00  coverages  (figure  lO).  The  mat 
surface  was  not  severely  damaged  at  failure.  The  rated  CBR  was  1.6. 

Item  2.  Figure  11  shows  item  2  prior  to  traffic.  The  item  settled 
along  the  center  line  with  tredTflcklng  and  was  considered  fedled  due  to 
roughness  at  100  coverages  (figure  12).  The  rated  CBR  was  1.9* 

Item  3«  Figure  13  shows  item  3  prior  to  traffic.  The  item  was  con¬ 
sidered  failed  due  to  roughness  at  100  coverages  (figure  l4).  The  rated 
CBR  was  4.8. 


Test  results 


Results  of  trafficking  lane  22  are  summarized  in  table  1.  Soil  test 
data  are  shown  in  table  2.  Table  1  contains  drawbar  pull  values  for  the 
test  vehicle  operating  over  an  asphalt-paved  strip  for  conparlson  with 
drawbar  pull  meastirements  obtained  on  the  test  lane. 

Item  1.  Item  1  was  considered  failed  due  to  roughness  at  400  cover- 
agec.  The  following  information  was  obtedned  from  traffic  tests  on  item  1. 

a.  Roughness .  Differential  deformations,  shown  in  table  1,  In- 
”  creased  steadily  with  traffic  coverages  throughout  testing.  At 
fadlure  the  average  transverse  and  diagonal  differential  defor¬ 
mations  were  both  2.63  in.  Average  longitudinal  differential 
deformation  was  I.38  in.  Table  1  shows  an  average  dishing  mea¬ 
surement  of  0.60  in.  at  failure. 


& 


b.  Deformation.  Figure  l8  shows  average  cross-section  deformations 

”*  at  20  and  400  coverages  for  two  typical  mat  runs.  The  cross 

section  did  not  show  uniform 'deformation  with  trafficking,  but 
due  to  mat  standoff,  surface  measurements  were  erratic.  The 
particular  mat  run  plotted,  showing  Joint  line  1.75  ft  left  of 
lane  center  line,  was  higher  at  UOO  coverages  than  at  20  cover¬ 
ages  due  to  extreme  mat  bridging  in  that  area.*  The  profile 
deformation  plot  show*  in  figure  19  illustrates  the  progressive 
development  of  surface  irregularities  on  the  item. 

c.  Deflection .  Average  elastic  mat  deflections  under  static  load 
of  the  load->dieel  assembly  are  shown  in  figure  20  for  three 
positions  of  the  assembly  relative  to  mat  end  Joints.  Deflec¬ 
tions  measured  at  0,  20,  and  400  coverages  increased  steadily 
throughout  testing.  Elastic  soil  deflection  at  400  coverages 
was  1.0  in. 

d.  Rolling  resistance.  Drawbar  pull  values  are  shown  in  table  1 
for  severaLL  coverage  levels  during  testing.  Except  for  initial 
drawbar  pull  which  cheinged  little  with  trafficking,  the  drawbar 
values  tended  to  Increase  with  number  of  coverages. 

e.  Mat  breaks.  Mat  breaks  were  first  recorded  at  100  coverages. 

~  Table  1  shows  breaks  as  they  developed  with  trafficking.  The 

principal  form  of  mat  break  was  rivet  failure. 

Item  2.  The  item  was  considered  failed  due  to  roughness  at  100  cover¬ 
ages.  The  following  information  was  obtained  from  traffic  tests  on  item  2. 

a.  Roughness .  Differential  deformations  that  developed  with  traf¬ 
ficking  are  recorded  in  table  1.  At  100  coverages  the  average 
transverse  and  diagonal  differentleuL  deformations  vere  4.19 
3.88  in.,  respectively.  Dishing  of  individual  mat  panels 
averaged  0.25  in.  at  100  coverages. 

b.  Deformation.  Figure  l8  shows  average  cross-section  deformations 
at  20  and  100  coverages  for  two  typical  mat  runs.  Deformation 
measurements  increased  consistently  between  the  two  coverage 
levels  shown.  The  surface  was  depressed  eu:ross  the  center  por¬ 
tion  of  the  cross  section  with  ridges  forming  along  the  lane 
edges-  The  profile  plot  in  figure  19  shows  the  progressive 
settlement  along  the  full  length  of  the  item. 

£.  Deflection .  Average  elastic  mat  deflections  under  static  load 
of  the  l06wi-wheel  assembly  are  shown  in  figure  20  for  three 
X>osltlons  of  the  assembly  relative  to  mat  end  Joints.  Elastic 
subgrede  deflections  6ire  shown  in  table  1  for  severaLL  coverage 


*  The  normal  procedure  is  to  plot  the  average  of  the  deformations  of  two' 
similar  runs,  but  in  this  case  the  other  run  measured  was  eliminated  at 
300  coverages  due  to  necessary  subgrade  repairs. 
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Itrvvls.  At  100  coverages  the  elastic  subgrade  deflection  was 

X«0  Ilia 


da  1  resistance  a  Drawbar  pull  walues  are  shown  In  table  1 

”  itor  0,  20>  and  105~coverageSa  Drawbar  values  showed  overall 
increases  with  trafflcklnga 

£.*  M^t  breaks  a  Kb  breaks  were  observed  In  the  M8  mat  surface  during 
~  irttM-ckinga 

Itea  3«  Item  3  was  considered  failed  due  to  rou^^ess^at  100  cover¬ 
ages  a  libe  following  Information  was  obtained  from  traffic  tests  on  item  3> 

aa  Boutfmeas .  Differential  deformations  and  rut  depths  measured 
~  <ai  Liiervals  throughout  trafficking  are  shown  in  table  1.  Trans¬ 
verse  and  diagonal  differential  deformations  were  most  severe 
with  average  readings  of  4.07  and  4.10  In.,  respectively,  at 
100  coverages.  Rut  depths  averaged  3*62  in.  at  100  coverages. 

b.  Deformation.  Figure  l8  shows  average  cross-section  deformations 
measured  at  20  and  100  coverages.  The  surface  was  greatly 
deteriorated  at  100  coverages  with  a  high  ridge  along  the  lane 
center  line  and  smaller  ridges  near  the  lane  edges.  Figure  19 
shows  a  profile  along  a  line  1.73  ft  west  of  the  lane  center 
line.  The  greatest  deformations  occurred  in  the  segment  of  the 
Item  adjoining  the  mat-surf 6u:ed  Item. 

£.  Deflection.  Average  total  soil  deflections  mesisured  at  0,  20, 
and  loo  coverages  are  shown  in  figure  20.  Total  soil  deflection 
was  greater  at  20  coverages  than  at  100  coverages.  Elastic  soil 
deflections  shown  in  table  1  follow  a  similar  pattern  with  the 
maximum  vcLLue  occurring  at  20  coverages. 

d,  Rolling  resistance.  Drawbar. pull  values  are  shown  in  table  1 
for  0,  20,  and  100  coverages.  All  drawbar  values  showed  pro¬ 
gressive  increases  with  number  of  traffic  coverages. 
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SECTION  V:  FRI1»CIB\L  FINDINGS 


From  the  foregoliig  dlscnisslhn,  the  principal  findings  relating  test 
load,  wheel  assembly,  tire  Inflation  pressure,  surface  tyi)e,  subgrade  CBR, 
6uid  traffic  coverages  axe  as  follows: 


Load,  Wheel  Assembly, 
and  Tire  Pressure 

l^rpe  of 
Surface 

Rated 

Subgrade 

CBR 

Coverages 
at  Failure 

35»000-lb  lo6ui;  single- 

Lane  21 

Modified  Til 

1.5 

600 

wheel  assembly;  2^.00-28, 

a.1 1lTn^  TUI  mat 

(no  failure) 

30-ply  tire  at  50-psi 
inflation  pressure 

m8  steel  mat 

1.9 

300 

Itosurfaced 

4.7 

300 

70,000-ib  load;  twin- 

Lane  22 

Modified  TU. 

1.8 

1*00 

wheel  euisembly  (42  in. 
c-c);  25.00-28,  30-ply 
tire  at  50-psi  inflation 

ftliiwlniitn  mat 

steel  mat 

1.9 

100 

pressure 

Ifesurfaced 

4.8 

100 
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*  Br*«li  t]rp**  ATS  d«fiB«4  aB4  iUustntW  u  ran  I. 


IABI£  2 


SUMHAOT  OP  CBR,  IBlBITy,  AM)  WAIER  CONTEHT  DATA,  TEST  SECTION  9 


Water 

Dry 

Test 

Type  of 

Depth 

Content 

D^jnsity 
(Ib/cu  ft) 

lUafi 

Surface 

Coverages 

(in.) 

CBR 

_ilL 

Lone  21 


1  Modified  TU 

0 

0 

1.2 

32.1* 

86.0 

alUBinuM 

6 

0.7 

3»».i 

83.8 

landing  aat 

12 

1.4 

Si*  .9 

83.2 

18 

1.7 

35.0 

82.9 

6CO 

0 

2.8 

31.9 

86.5 

6 

1.6 

35.2 

84.0 

12 

1.4 

33.6 

85.0 

18 

1.6 

34.3 

85.4 

2  MB  ateel 

landing  aat 

G 

0 

1.6 

31.5 

86.9 

6 

1.7 

32.8 

84.0 

12 

2.7 

32.2 

85.9 

18 

2.9 

31.2 

88.3 

300 

0 

2.1 

31.7 

88.6 

6 

1.6 

33.1 

86.4 

12 

1.6 

34.0 

85.7 

18 

2.2 

33.1 

86.4 

3  Unaurfaced 

0 

0 

3.8 

28.2 

90.8 

6 

4.4 

28.0 

92.5 

12 

6.0 

26.2 

94.8 

18 

4.8 

28.7 

91.6 

300 

0 

4.7 

26.1 

95.1 

6 

5.3 

27.6 

92.9 

12 

4.2 

29.5 

90.1 

18 

3.8 

31.9 

86.5 

Lane  22 

1  Modified  ni 

0 

0 

1.4 

33.5 

84.2 

aluBinuB 

6 

0.7 

35.6 

82.5 

landing  aat 

12 

2.2 

33.0 

85.8 

18 

i.3 

35.1 

82.8 

400 

0 

2.0 

34.2 

83.8 

6 

1.8 

34.7 

83.8 

12 

1.7 

34.3 

84.5 

18 

2.0 

35.0 

83.4 

2  m8  ateel 

0 

1.2 

32.3 

86.5 

landing  aat 

6 

1.2 

36.6 

81.5 

• 

12 

2.4 

34.0 

84.5 

18 

3.1 

33.0 

85.3 

100 

0 

2.2 

32.1 

86.4 

6 

2.0 

33.6 

84.5 

12 

2.1 

32.4 

87.5 

18 

3.2 

32.7 

87.2 

3  Unaurfaced 

0 

0 

4.4 

25.8 

93.7 

6 

4.5 

28.9 

91.7 

12 

6.7 

26.1 

94.2 

18 

3.0 

29.8 

89.1 

100 

0 

4.2 

28.4 

92.6 

6 

4.1 

28.7 

92.8 

12 

5.0 

27.6 

92.7 

18 

3  5 

29.8 

91.2 

*  Subgrade  aaterlal  uaa  a 

heavy  clay  (buckahot;  claasified 

aa  CH)  in  all  items . 

u 


Lane  21,  Item  2.  Tratisverse  straightedge  shows 
roughness  at  300  coverages  (failure) 


Figure  10.  Leme  22,  item  1.  Transverse  straightedge  shows 
roughness  at  400  coverages  (failure) 


Figure  11.  Lane  22,  item  2,  prior  to  traffic 


T^ti«»  22,  item  2.  Traxurverie  itrai^tedgc  shows 
roughness  at  100  coverages  (failure) 


Figure  13.  Lane  22,  item  3»  prior  to  traffic 


Figure  l4.  Lane  22,  Item  3*  Transverse  straj^tedge  shows  R 

roughness  at  100  coverages  (failure)  if 
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LAYOUT  OF  SURFACED  ITEMS 
TEST  SECTION  9 
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MSI 


AVERAGE 

CROSS-SECTIONAL 

DEFORMATIONS 

TEST  SECTION  9 
LANES  21  AND  22 
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overall  program  to  develop  groand-flotatlon  criteria  Xov  the  05A  alforaft* 


1  JAN  M 


3 


SBCBdty  ClaMifieaaoE 


tllHC  • 


Aiar«mft  <lero«iaA  Flotatlca 


Smup  AaMn  AlicfiiAXta 
i»»i)rt  Axm  AixiUUm 
Wcamxi  Axm  Aixfi*l4» 
Mloto  IMbilitF 


DMnniCTKMIl 


1.  OnaUMimO  ACnVITTi  Baiwlh*  mm  Mi  aMM* 

•I  tk*  0Mtnotm/p  wilciMUMtw, 

Imm#  acUvllf  ar  •fktr  OTiMlaabMi  mtlmt)  U— lag 

Ikaragafi* 

2#,  intMirrsaCIJlITTCIJMOTCAm  CMtartka#^ 
all  aaearitf  alaaatfkeaUaaarihafapcft.  Mleata  akatlMr 
*^aalflcla<  Ma**  ia  ladaiiA  M^lgg  la  ia  kt  la  accQc4> 
aaaa  wMl  igfiaftlala  aaawMy  rag^aUaaa* 

2k.  OIKIUrs^  Aattaitic  iaatyaili^  la  apacllirt  ia  DoD  IH- 
tactlvaSJDOllO  aai  Awaai  Ftfcaa1aiaal>lal  liaaaaL  Mar 
tka  araap-aaakaiv  AJa#^  wkaa  ajplirakia,  alMw  tkat  aptiaial 
■aiUaga  kava  kata  aiaA  Irr  Qtaag  3  aai  Oraap  4  aa  aatkar* 


iaipoaad  hy  aacartty  daaaUlcaUo^  aalaf  atandard  atataweata 
aack  aae 

(1)  **Oiallfl.ad  faaaaalara  aiay  obtala  copiaa  of  tkla 
raaofft  iroai  1H>C*’ 


X  mrarrmu:  Mat tka  caa»lata lapad titia  ia  dl 
cagRai  laClata*  TMaa  ki  aU  aaaaa  akaaM  ka  aaclaaalAaA 
If  a  aMaakHdkl  caaaat  ka  aalactad  vllkaal  claaalfVca* 
tU%  aliMriwa  claaaiftaallaa  la  all  cark^l*  paradkaala 
iaaaadiataly  faUawM  Ika  iMab 


X  DncnPTivBMm 
tapait,  ak»,  Idarln,  prai 
Oftva  tka  lartaafaa  Mas 


mm  if  appraptialap 


appraptialap  aadar  tka  typa  of 
aaokJMtyp  aaaaalp  or  timL 
a  apadfic  rapoctiag  pariad  la 


X  AVraOlkt)B  Marika  aaM^  •PaatkaKa)  aa  akaamoa 
ar  la  tka  tap^  Mar  laat  aoaa.  flrat  aaMp  niddia  ialtlal. 
If  adUtfay*  ak»w raiA  aad ktaaek of  aatvlcob  Tkaaaawaf 
tka  prkicl^  riakar  la  au  akaalala  Mlalaaai  rapdfOMaL 

X  raPOKTDATZ:  Mar  Ikt  dal#  af  tka  rapart  aa  day, 
awatl^  yaai;  ar  Maatlv  yaaa  If  aaara  tkaa  aaa  data  appaata 
aatkaiapait,  aaa  data  a#  pPHkattaia 

7a.  TOTAI#  MUMBn  or  PAQtt  Tka  total  PNP  caaal 
akaaM  fallaw  aaiaai  paglMlaa  pracadaraa,  Laip  aaiartk^ 
WMdkar  of  papaa  ciralaku  iafanaatlaa. 

7k.  mnmntOrKSramcn  Martkatatal  aawkaraf 
fafaraacaa  cMad  ki  tka  r^art. 

•a.  OOimtACTOrOKAirTIVUMBnb  If  pppraprlatap  aatar 
tka  appllckkla  aMkar  of  tka  oaalraot  ar  ^aat  oadar  tiMk 
tka  rapait  waa  arittaik 


(3)  **Foral9i  aaaoaacaMaat  aad  dUoaalaatloa  of  tkla 
lapoft  ky  ODC  la  aat  atdkoriaoA” 

(3)  **U  1.  Oovaraaad  agaadaa  aray  oktala  copiaa  of 
titla  rapact  dkactly  ko«  DDC.  Otkar  paallflad  DDC 
aaara  akall  raqaaat  tkeoack 


(4  **U.  X  ■Ultary  apaaclaa  aay  obtala  copiaa  of  tkla 
taport  dkactly  fraai  ODC  Otkar  paatlfiad  aaara 
akall  rapaaat  thraagk 


(5)  *«AU  dlalrMM  af  tkU  foport  la  coatioUad  Qaal- 
ifiad  DOC  aaara  akall  rapaaal  tfcroaik 


If  eka  tapait  kaa  kaaa  fMalwd  to  tka  OfOca  of  Tackalcal 
Sarrlcaa^  Dapartawat  of  rnaiarca,  for  aala  to  tka  pdbticp  ladl> 
cola  tkla  fact  aad  aatar  tka  prico.  If  kaoana 

IL  fOPlUaiBirrAKY  mrsfe  Uaa  for  oddmoM  a^aaa- 
tory  aata& 

IX  VOKURim  Mim ART  ACTIVIT  Y:  MortkaaaaMaf 
tka  dipaitnaatal  projact  ofUca  or  lakoralory  opoaaofiog  fpar 
ipd  far>  tka  raaaarck  aad  daralopaiaat  laclado  adMaa. 

13.  ABtniACT:  laiar  aa  akatiact  glTiac  a  kclaf  Md  fkctiiat 
aaaaaiy  of  M  docaawat  iadicatlva  of  tka  laportp  avaa  tkeagh 
It  aMy  alao  appaar  alcoafkata  la  tka  kody  of  tka  tackalcal  ra- 
part,  if  addltloaal  apaca  la  lapaliaA  a  coatiaaatloa  okaat  akall 


FROJKT  NIMIBk  Mar  tka  approprlata 
adlltary  dtpaiMd  IdMiflraHap,  aack  aa  ptajM  aaBkar, 
pafcptalact  aaaMrp  ayataai  OMkara*  taak  aaoMr.  ato. 

•a.  OnODIAtOrtRlPOrrilUmil^  Martkaom- 
olal  rapart  aarkar  ky  tMck  tka  daaaoMat  wUl  ka  IdaatRlod 
aad  oaalfallad  ky  tka  arl^iMtlag  activity.  TMaaMMraaat 


It  la  klAly  daaUakla  tkat  tka  akottact  of  claaalllod  taporta 
ka  aaclaaalnad.  Back  pamipapk  of  tka  abottoct  akall  oatf  wltk 
aa  iadicatloa  of  tka  aUiltaiy  aacartty  claaalflcatloa  of  tkr  la- 
fbnaatloa  la  tka  paiagKipk,  lapraaoatad  aa  <T$),  (3h  (C).  4t  (U). 

Tkaia  la  aa  Ualtatloa  oa  tka  laagtk  of  tka  abottoct.  How- 
avor,  tka  aapgaatad  loagtk  la  Crni  ISO  to  22S  woida. 


fk.  OTMOt  RBPOirr  RIMBBim;  If  tka  roport  kaa  kaaa 
paafgaod  aay  atkar  tapart  Baakora  faftaor  ky  fka  odjlaitif 
arky  ika  ppaaaartl  9im  aatar  tkla  oHkkaKi^ 

la  AVAlLAaaJTY/UMrTATM  mri^  MaraayM 
Matlaaa  aa  ftatkor  dlaaaMatlia  of  tka  taport^  otkar  tkaa  tkao 


14.  KBY  WORM:  Boy  woida  ara  tockalcalty  woaalagftil  lama 
or  akart  pkiaaaa  tkat  ckaiactartao  a  loport  aad  wop  ka  aaad  aa 
lodai  oatriod  for  cataloglac  Ika  loport.  Boy  woida  aaat  ka 
aalactad  ao  Mt  ao  aacartty  claaalflcatloa  la  rapalrad.  Idoatl* 
floca.  aack  ao  opalpaioBt  wodal  doalipatlm.  tMda  oaaM.  wil^taiy 
prafaci  coda  OaoiOi  aaogiapklc  locatlea.  way  ko  aaad  aa  fcay 
woida  kat  will  bo  fcAowod  ky  aa  Mlcatloo  of  tackalcal  coa- 
laxt.  Tka  aaal^Maaal  of  Uako,  laloo.  aad  wol^a  la  optloaal. 


